Background. Primary malignant brain tumors (PMBTs) are devastating malignancies with poor prognosis. Optimizing psychosocial and supportive care is critical, especially in the later stages of disease.
Hospice provides essential psychosocial and supportive care for individuals at the end of life (EOL). For patients with cancer, including those with primary malignant brain tumors (PMBTs), initiation of early multidisciplinary hospice care is associated with better pain relief, quality of life, reduced cost, and less aggressive care at the EOL as well as less psychiatric morbidity for caregivers. 1 -6 Despite the benefits of hospice care in advanced cancer, late referral to hospice remains common, and hospice services are underutilized. 7 -9 Transition to hospice within 1 month of death was associated with undignified death in one study of PMBT patients.
PMBTs are devastating and often incurable cancers. Patients with PMBT endure a heavy burden of symptoms at the EOL including cognitive changes, aphasia, immobility, headache, seizures, and incontinence. 11 -15 Caregivers experience significant psychological burden in caring for those with PMBT as a result of patients' neurologic dysfunction and behavioral changes. 16, 17 Home hospice care in PMBT is associated with improved patient function and quality of life as well as caregiver well-being. 18 Despite the salient hospice needs of PMBT patients and caregivers at EOL, little is known about the frequency of and the characteristics associated with late hospice referral in PMBT.
Materials and Methods

Study Sample
This study included all patients with PMBT who were admitted to a large urban, not-for-profit home hospice agency in New York City between 2009 and 2013. Eligibility criteria included a diagnosis of malignant neoplasm of the brain (by ICD-9 code), age of at least 18 years, and death in the agency's home hospice care by the end of 2013. Patients without histopathologic diagnosis, but a PMBT documented by neuroimaging, were included in the study. All charts were reviewed manually to exclude patients with systemic cancers and brain metastases erroneously coded as PMBT. For patients with multiple episodes of home hospice care during the study period, only the first episode was included. Participating institutional review boards approved all study procedures. A waiver of informed consent was authorized because patients were deceased at the time their records were reviewed.
Study Data and Measures
Demographic, clinical, and service data were obtained from standardized assessment forms captured through the agency's hospice database. Unless otherwise noted, all clinical characteristics were extracted from the database and were obtained within 3 days of hospice admission. Twelve patients were missing data elements from the clinical assessment, and this information was obtained by reviewing their clinical progress notes.
Demographic characteristics included sex, age, race/ethnicity, marital status, primary language spoken at home, insurance provider, and the presence or absence of a health care proxy (HCP) at the time of hospice admission. Specific PMBT diagnosis was extracted from clinical notes and classified into one of 4 categories: glioblastoma (GBM), non-GBM glioma of any grade (astrocytoma, oligodendroglioma, or mixed glioma), other brain tumor, or those not specified. A score for each patient on the Palliative Performance Scale (PPS), 19 a reliable and valid tool for evaluating a patient's clinical and functional status specifically in the palliative care setting, was extracted from the hospice admission assessment. The PPS score, scaled from 0 (deceased) to 100 (no evidence of disease and no limitations on any aspect of daily life) was assigned to these patients by a hospice nurse. The score represents an evaluation of the domains of ambulation, activity level, evidence of disease, and self-care abilities. 20 A dichotomous variable was also created to distinguish patients with a PPS score of 30 or less, which characterizes patients who are entirely bedbound, have reduced consciousness, and are unable to do any activities of daily living. Binary indicators of the following patient characteristics were captured: whether the patient was bedbound, unable to communicate (aphasic), unresponsive, incontinent (bowel and/or bladder), experiencing pain of any severity, nausea of any severity, or dyspnea of any severity.
Length of service (LOS) was calculated as the number of days from admission date to the date of death, with late hospice care defined as LOS ,7 days, as in previous studies. 21, 22 Visit records were used to characterize 7 types of home services received including skilled nursing, social work, home health aide, spiritual counseling, and others. Dichotomous variables were created to indicate receipt of each service. Service intensity was calculated for all patients within each service discipline as the total number of visits (or hours for service provided by home health aides) divided by the number of weeks enrolled in hospice care.
Statistical Analyses
Descriptive statistics, including means and frequencies, were employed to summarize patients' demographic, clinical, functional, and service characteristics. Our primary outcome of interest was late referral to hospice as defined above. A multivariable logistic regression model was used to examine sociodemographic predictors of late referral. Fisher's exact tests were employed to estimate bivariate associations between clinical characteristics and late referral status. All analyses were performed using R (version 3.1.2, "Pumpkin Helmet"). 23 
Results
Sample Characteristics
The characteristics of 160 patients meeting all study criteria are described in Table 1 . The mean age of the sample was 63.4 years (SD, 15.6), and a majority of patients (92; 58%) were male. One hundred forty-seven (73%) patients had GBM or non-GBM glioma. Six (4%) had another primary brain tumor including primary central nervous system lymphoma, malignant meningioma, and others. Thirty-seven (23%) had no histopathologic diagnosis recorded or had not undergone biopsy. Fifty-eight (36%) patients did not have an appointed HCP at the time of home hospice admission. Most patients (131; 82%) died at home, and death occurred at an affiliated hospice facility for 29 (18%) patients.
Clinical Characteristics and Utilization of Homecare Services
Clinical characteristics at the time of hospice admission are summarized in Table 2 . Patients' PPS scores ranged from 10 -60, with a median score of 30 (interquartile range ¼ 13.4). Ninety-one (56.9%) had a PPS score ≤ 30 at admission. A large number of patients were bedbound at the time of admission (111; 69.4%), and a substantial proportion were aphasic (47; 29.4%) or unresponsive (19; 11.9%). Pain of any severity was reported by 34 (21.2%) patients, nausea by 15 (9.4%), and shortness of breath by 22 (13.8%). Eighty-two (38.7%) patients were incontinent of bladder and/or bowel.
The mean LOS was 44.3 days (SD, 63.5; Fig. 1 , Table 3 ). Fiftysix patients (35%) had LOS ,14 days, and 32 (20%) were enrolled in hospice , 7 days. All patients had home nursing care with a mean of 3.2 visits per week, 198 (93.4%) had visits by a social worker (mean, 1.2 visits per week), and 100 (47.2%) had a physician visit the home (mean, 0.5 visits per week). One hundred thirty-three (62.7%) patients had a home health aide (mean, 20.9 hours per week of service), and 126 (59.4%) had spiritual counseling at home (mean, 1.0 visits per week).
Late Versus Earlier Referral to Home Hospice
Comparison of clinical characteristics between patients with late versus non-late hospice referral prior to death is presented Diamond et al.: Late hospice referral in malignant brain tumors in Table 3 . As compared with patients referred to hospice longer than 7 days before death, a greater proportion of those with late hospice referral had poorer PPS at admission Table 3 ). There was no significant difference between patients with late versus non-late hospice referral with respect to incontinence, pain, or nausea. Sociodemographic correlates of late hospice referral in a multivariate logistic regression model (Table 4) included male sex (75% of late referrals vs 52.4%; OR ¼ 7.09; 95% CI, 2.45-24.26; P , .001), having Medicaid or charitable care (36.1% of late referral vs 17%; OR ¼ 6.35; 95%, CI, 1.85 -23.89; P , .001), and not having an appointed HCP at the time of hospice admission (56% of late referral vs 31%; OR ¼ 6.35; 95%, CI 1.53 -9.25; P , .001). Age, marital status, English as primary language, and race/ethnicity were not associated with late hospice enrollment. As compared with non-late referrals, late-referred patients required more nursing visits per week (6.8 vs 2.9; P , .001), more social work visits per week (1.8 vs 0.9; P , .001), more spiritual counseling visits (0.9 vs 0.4; P ¼ .05), and received fewer physical therapy visits (0 vs 0.1; P , .001).
Discussion
This study of home hospice care prior to death in patients with PMBT examined clinical correlates and sociodemographic features associated with referral to hospice within 7 days of death. Our observation was that home hospice enrollment was generally late: 22.5% of our study population entered hospice within 7 days of death, 35% of the study population entered within 14 days, and 59.4% entered within 30 days of death. Those entering hospice within 7 days of death were more functionally impaired (immobile, aphasic, or unresponsive) and symptomatic (dyspneic) at the time of initiation to hospice care. Multivariable analysis demonstrated that male sex, Medicaid insurance coverage, and absence of a HCP were significantly associated with late referral. These are important findings given the particular clinical and prognostic context of glioma, glioblastoma, and other PMBTs. First, malignant glioma remains an incurable disease, and therefore it is the timing ("when") of EOL care, not its necessity ("if"), that is at issue for each and every patient and caregiver. PMBT patients endure a heavy burden of symptoms 13 -15 and diminished quality of life at the end of life. 24 Therefore, the finding that hospice referral is predominantly late, together with the demonstration that patients referred late are densely neurologically impaired and more symptomatic, suggest that a substantial proportion of PMBT patients in the later stages of disease are underserved Diamond et al.: Late hospice referral in malignant brain tumors with respect to symptom management. If patients are aphasic or comatose at the initiation of hospice care, the opportunity to palliate symptoms and provide meaningful psychosocial care may have been missed. While it is to be expected intuitively that patients closer to death will be more symptomatic and impaired than those who are not, our data demonstrate the high degree of clinical debilitation at which late-referred patients first receive hospice care. Our data indicate a potential population at risk for late hospice referral, namely men and those of lower socioeconomic status as reflected by insurance payer, and it is possible that educational interventions about hospice care should be directed to these more vulnerable groups. Finally, these data suggest that the assignation of a HCP may be particular important for the timing of hospice referral for patients with brain tumors. The reason for late hospice referral in PMBT is not clear. Insofar as referral to hospice takes place in the larger context of discussion about prognosis, prognostic communication has been found to be a particularly challenging process in PMBT. 25, 26 A systematic review about prognostic communication in malignant glioma 27 suggests (from limited literature) that a substantial proportion of patients with malignant glioma are unaware of the incurability of the disease. Frequency of inaccurate awareness of prognosis has been described in the context of nonneurologic cancers 28 ; the prevalence of such beliefs and the underlying reasons for them in neurologic as compared with nonneurologic cancers has not been studied.
Patterns of sociodemographic predictors similar to those found here have been demonstrated in studies of other cancers. Male sex predicted later hospice referral in a study of lung and colorectal cancer 7 and in a sample of mixed malignant diseases. 29 The reasons for this are not known, although the association between male sex and aggressive care in cancer has been demonstrated previously. 30, 31 Lower socioeconomic status was found to be associated with decreased likelihood of hospice use in lung cancer 32, 33 and ovarian cancer patients. 34 Similar to our findings, a study of lung cancer in New York State demonstrated that those with Medicaid were less likely to enroll in hospice care. 35 Why there is an association between lower socioeconomic status and decreased hospice use has not been established. It has been postulated that Medicaid patients are less likely to have an able-bodied informal To our knowledge, late hospice referral or other components of aggressive EOL care have not been previously found to be associated with the absence of an assigned HCP. In the health care agency studied here, designation of a HCP is encouraged but not required for home hospice care. Frequent absence of a HCP has been shown in other cancers; one study of patients with hematologic malignancies reported that 32% had no HCP; 36 in a retrospective review of admissions into an oncologic ICU, 37% had no living will or HCP. 37 Our data suggest that there may be a uniquely important role for a HCP in the context of neurologic malignancy, perhaps because of patients' impaired cognition. It has been found in nonneurologic cancers that caregiver preferences for EOL care are more predictive of late medical decisions for patients with mild cognitive impairment as opposed to those with no impairments. 38 This is an area of needed investigation in neuro-oncologic diseases.
PMBTs are not only cancers but also progressive neurologic diseases, and it is illuminating to consider similar findings regarding EOL care in these entities as well. Men with ALS are more likely to die in an acute care facility than at home. 39 Male sex and Medicaid enrollment are associated with decreased use of hospice in patients who have suffered stroke, 40 and male sex is associated with decreased hospice use in patients with Alzheimer disease. 41 Kiely et al. found that for patients with advanced dementia, HCP's awareness of prognosis was associated with greater hospice enrollment. This finding points to the likely importance of the role of the HCP and caregiver in initiating hospice care in neurologic diseases. Furthermore, these similarities suggest that the study of EOL care in brain tumors may be enriched by considering the context of neurologic diseases as well as that of other cancers.
There are predictors of late hospice care in other cancers, which we did not observe, that were demonstrated in other There are many studies of various cancers demonstrating later hospice referral among individuals of non-white race 7,32 -34,42,43 and among those living in minority non-white areas. 31 It is possible that our sample was not large enough to detect an association between race or ethnicity and hospice referral, or alternatively it is possible that they are less predictive of EOL outcomes in neuro-oncologic diseases. The underlying reasons for racial difference in EOL care are not known, although one observation is that prognostic conversations and EOL discussions, even when taking place, affect EOL outcomes less for non-white patients than for white patients. 42, 44 One could speculate that cognitive changes in brain cancer could alter either treatment preferences or dynamics of patientphysician communication. It has been demonstrated that patients with brain tumors are frequently unable to participate in medical decision-making by virtue of cognitive impairment 45, 46 and that minor cognitive deficits may present obstacles to full understanding of their options for medical care. 47 Further dedicated study may illuminate the interaction between cognitive impairment and the frequency of prognostic discussions. Other studies have demonstrated associations between late hospice referral and discussion about prognosis and EOL treatments 34, 35 as well as aspects of religiosity. 48 -50 These issues were not evaluated in this retrospective study. Further, information pertaining to the circumstances and discussion regarding hospice referral for patients included in our study was not available for review.
There may be practical implications for the clinician treating PMBT patients to draw from these findings, although with the caveat that there is insufficient evidence to substantiate firm recommendations. First, assignation of a responsible HCP appears from these data to be of particular importance in PMBT, and this study would suggest that this be accomplished earlier, rather than later, in the disease trajectory. Furthermore, PMBT patients may benefit from efforts made to inform the HCP about prognosis and survival in PMBT to increase the likelihood of earlier hospice referral and therefore maximal benefit from multidisciplinary palliative care. Patients who are male or of lower socioeconomic status may benefit from earlier and proactive discussion about prognosis, assignation of a HCP, advanced directives, and EOL care.
There are several limitations to this study. First, our sample is limited to a single home hospice agency in New York City, limiting the generalizability of our findings. At the same time, our population was heterogeneous with respect to referral sources and included patients referred from both academic and nonacademic settings. Second, our data were collected retrospectively from existing administrative databases, and therefore several important dimensions of medical care known to be associated with hospice referral were not captured. These include patients' and caregivers' treatment preferences, physician beliefs and experiences, communication events, and others. Also, by virtue of the retrospective nature of the study, we can describe associations between sociodemographic characteristics and timing of hospice referral, but we cannot assert causal relationships between study variables. Additionally, by focusing chiefly on the specific outcome of time before death in hospice, we studied only patients who died in hospice care, and we did not account for PMBT patients who did not pursue hospice care or who were discharged from hospice prior to death. These are other dimensions of EOL care in PMBT that merit investigation. Furthermore, a strength of this study was the uniformity of available data elements for all patients, and this would have been compromised by including patients lost to follow up. 
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This study is, to our knowledge, the first effort to examine timing of hospice referral in PMBT, its predictors, and associated clinical features. Our study suggests that late referral to hospice is common for patients with PMBT and that such referral may be at the expense of comprehensive EOL care. As has been found in other cancers, men and those with Medicaid payers may be at particular risk for late referral. The presence and assignation of a HCP may be of unique importance in neurooncologic diseases. Further research is necessary to corroborate these findings in prospective studies. 
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